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POSITION SENSOR FOR
ELECTROMECHANICAL ACTUATOR

STATEMENT OF GOVERNMENT RIGHTS

This invention was made with government support under
Contract Number FA8650-135-C-2500 awarded by the Air
Force. The government has certain rights 1n the invention.

BACKGROUND

The subject matter disclosed herein relates to electrome-
chanical actuators. More specifically, the present disclosure
relates to position sensing of electromechanical actuators.

Many systems require actuators to manipulate various
components. Rotary actuators rotate an element about an
axis, such as tlight control surfaces, for example, flaps and
ailerons. In such tlight applications, there has been a trend
toward wings of thinner cross-sections, such that size and
space available for placement of the actuator inside of the
wing 1s limited. The trend has led to the use of a rotary
actuator of a “hinge-line” design, wherein a rotational axis
of the actuator 1s aligned with that of the tlight control
surface and the actuator acts as a hinge (hence the term
“hinge-line”). This trend also raises the need for such an
actuator with a tighter cross-section to fit the available space.

Such actuators often use position sensing apparatus to
sense and track the actuator position. As the sizes of the
actuators are reduced 1n response to the thin wing trend, the
volume occupied by a conventional position sensor becomes
a significant percentage of the total actuator volume and a
significant percentage of the cost. Typical position sensing
for electromechanical actuators tends to fall into two cat-
egories, rotary variable differential transformer (RVDT) and
encoders. Whereas RVDTs provide absolute position deter-
mination on startup, they are relatively large and expensive.
Encoders, while smaller and less expensive than RVDTs,
require some motion at startup to determine the position.

SUMMARY

In one embodiment, an electromechanical actuator
includes a ground arm, an output arm rotatable about an axis
of rotation relative to the ground arm and a position sensing
arrangement to determine an angular position of the output
arm relative to the ground arm. The position sensing
arrangement includes a position sensor fixed at the ground
arm. The position sensor 1s configured to sense magnetic
reluctance. A sensed portion 1s located at the output arm
proximate to the position sensor. The sensed portion
includes a geometric variation in an output arm suriace
configured to vary a magnetic reluctance sensed at the
position sensor as a function of angular position of the
output arm relative to the ground arm.

Additionally or alternatively, in this or other embodiments
the geometric variation 1s a groove located at the output arm
extending circumierentially about the axis of rotation. The
groove progressively widens and/or deepens along its
length.

Additionally or alternatively, in this or other embodiments
the groove 1s radially centered on the position sensor.

Additionally or alternatively, in this or other embodiments
the geometric variation 1s a pattern of holes 1n the output
arm.

Additionally or alternatively, in this or other embodiments
the pattern of holes varies 1n one or more of hole diameter,
hole depth or hole spacing.

10

15

20

25

30

35

40

45

50

55

60

65

2

Additionally or alternatively, 1n this or other embodiments
the position sensor mncludes a magnet fixed at the ground
arm to generate a magnetic field, and a hall effect sensor to
detect vanation in the magnetic field as the output arm 1s
rotated about the axis of rotation relative to the ground arm.

Additionally or alternatively, 1n this or other embodiments
the hall eflect sensor 1s positioned between the magnet and
the output arm.

Additionally or alternatively, 1n this or other embodiments
an output voltage of the hall effect sensor 1s indicative of the
angular position of the output arm.

In another embodiment, a relative position sensing system
for two components includes a position sensor fixed at a first
component. The position sensor 1s configured to sense
magnetic reluctance. A sensed portion 1s positioned at a
second component proximate to the position sensor. The
sensed portion ncludes a geometric variation 1n a second
component surface configured to vary a magnetic reluctance
sensed at the position sensor as a function of angular
position of the second component relative to the first com-
ponent.

Additionally or alternatively, 1n this or other embodiments
the geometric variation 1s a groove located at the second
component extending circumierentially about the axis of
rotation. The groove progressively widens and/or deepens
along its length.

Additionally or alternatively, 1n this or other embodiments
the groove 1s radially centered on the position sensor.

Additionally or alternatively, 1n this or other embodiments
the geometric vanation 1s a pattern of holes 1n the second
component. The pattern of holes varies in one or more of
hole diameter, hole depth or hole spacing.

Additionally or alternatively, 1n this or other embodiments
the position sensor includes a magnet fixed at the first
component to generate a magnetic field and a hall effect
sensor to detect variation 1n the magnetic field as the second
component 1s rotated about the axis of rotation relative to the
first component.

Additionally or alternatively, 1n this or other embodiments
the hall effect sensor 1s located between the magnet and the
second component.

Additionally or alternatively, 1n this or other embodiments
an output voltage of the hall effect sensor 1s indicative of the
angular position of the second component relative to the first
component.

In yet another embodiment, a wing for an aircraft includes
a fixed portion of the wing, and a control surface portion of
the wing. The control surface portion 1s movable relative to
the fixed portion. An electromechanical actuator drives
movement of the control surface portion relative to the fixed
portion and includes a ground arm secured to the fixed
portion and an output arm secured to the control surface
portion and rotatable about an axis of rotation relative to the
ground arm. A position sensing arrangement determines an
angular position of the output arm relative to the ground arm
and 1ncludes a position sensor fixed at the ground arm. The
position sensor 1s configured to sense magnetic reluctance.
A sensed portion 1s located at the output arm proximate to
the position sensor. The sensed portion includes a geometric
variation 1 an output arm surface configured to vary a
magnetic reluctance sensed at the position sensor as a
function of angular position of the output arm relative to the
ground arm.

Additionally or alternatively, 1n this or other embodiments
the geometric vaniation 1s a groove located at the output arm
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extending circumierentially about the axis of rotation. The
groove progressively widens and/or deepens along its
length.

Additionally or alternatively, in this or other embodiments
the geometric variation 1s a pattern ol holes in the output
arm. The pattern of holes varies in one or more of hole
diameter, hole depth or hole spacing.

Additionally or alternatively, in this or other embodiments
the position sensor mncludes a magnet fixed at the ground
arm to generate a magnetic field and a hall effect sensor to
detect variation 1n the magnetic field as the output arm 1s
rotated about the axis of rotation relative to the ground arm.

Additionally or alternatively, in this or other embodiments
an output voltage of the hall effect sensor 1s indicative of the
angular position of the output arm.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter 1s particularly pointed out and dis-
tinctly claimed at the conclusion of the specification. The
foregoing and other features, and advantages of the present
disclosure are apparent from the following detailed descrip-
tion taken 1n conjunction with the accompanying drawings
in which:

FIG. 1 1s a schematic view of an embodiment of a wing
including an electromechanical actuator;

FIG. 2 1s a perspective view of an embodiment of an
electromechanical actuator:;

FIG. 3 1s a cross-sectional view of an embodiment of a
position sensor arrangement for an electromechanical actua-
tor;

FIG. 4 1s a plan view of an embodiment of an output arm
for an electromechanical actuator; and

FIG. 5 1s a plan view of another embodiment of an output
arm for an electromechanical actuator.

DETAILED DESCRIPTION

Referring now to FIG. 1, a non-limiting exemplary
embodiment of a wing of an aircrait (not shown) 1s generally
indicated at 10. Although the wing 10 1s disclosed herein as
being implemented with a fixed-wing aircraft, such as an
airplane, 1t should be appreciated that the wing 10 can be
implemented with any suitable type of aircralt in general,
and fixed-wing or rotary-wing aircrait (such as a helicopter),
in particular.

As shown 1n FIG. 1, the wing 10 1s one of two substan-
tially similar wings of a lift system of the aircraft (in
contrast, a rotor blade would be one of a plurality of
substantially similar rotor blades of a rotor system of a
helicopter). The wing 10 defines a root portion (not shown)
that extends to a tip portion (not shown) through an aileron
portion, generally indicated at 14, which acts as a tlight-
control or output-control surface (such as a wing flap). The
alleron portion 14 also defines, 1n turn, an axis of motion of
rotation 16 and includes an aileron spar, generally indicated
at 18. The wing 10 further defines first and second opposing
surfaces 20, 22, a trailing edge 24, and an opposing leading
edge 26 and includes a wing spar, generally indicated at 28.

The wing 10 also includes a control system (not shown)
that has an electromechanical hinge-line rotary actuator,
generally indicated at 30, and a controller (not shown). The
actuator 30 defines the axis of rotation 16. The controller
may be mounted to or near to the actuator 30 and 1s operably
linked to the actuator 30 and the control system. It 1s to be
appreciated that while actuator 30 1s described herein in the
context of the wing 10, it 1s to be appreciated that the
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actuator 30 described herein may be utilized 1n a variety of
applications where rotary actuators are used.

A stationary attachment bracket or ground arm 46 of the
actuator 30 1s mounted to the wing spar 28 and 1s configured
to be attached to the interior structure of the wing 10. A
rotatable attachment bracket or output arm 48 of the actuator
30 1s mounted to a frame of or within an interior of the
aileron portion 14. The mounting 1s highly flexible as long
as the axis of rotation 16 of the aileron portion 14 1s aligned
with the axis of rotation 16 of the actuator 30. In some
embodiments, the output arm 48 1s mounted to the aileron
spar 18.

It should be appreciated that the control system may also
define a plurality of control surfaces 50 arranged within the
alleron portion 14 and selectively deployed between the first
and second surfaces 20, 22 to affect flight dynamics of the
wing 10. Each control surface 50 defines first and second
control surface portions. The actuator 30 1s configured to
rotate the control surface 50 from a first or neutral position,
such that the control surface 50 1s disposed within the wing
10, to a second or deployed position, such that the control
surface 50 extends out of an outer periphery of the wing 10,
by rotating the control surface about the axis of rotation 16
relative to the wing 10.

Referring now to FIG. 2, an embodiment of the actuator
30 1s illustrated. The actuator 30 includes a drive member 36
and a motor 38 disposed 1nside of and directly coupled to the
drive member 36. In some embodiments, the motor 38 1s
arranged concentrically with the drive member 36. The drive
member 36 1s coupled to the output arm 48 to rotate the
output arm 48, and thus the control surface to which the
output arm 48 1s secured, about the axis of rotation 16.

In some embodiments, 1t 15 necessary to sense and track
rotational position of the output arm 48 as an indicator of
angular position of the control surface 50. In the embodi-
ment of FIG. 2, the actuator 30 includes a position sensing
system 60 located thereat to sense and track the rotational
position of the output arm 48 relative to the ground arm 46.
The position sensing system 60 1s located at the ground arm
46 and 1s 1nteractive with a sensed portion 64 located at the
output arm 48.

Referring now to FIG. 3, the position sensing system 60
will be described 1n more detail. The position sensing system
60 1s a compact sensor which utilizes variations 1n magnetic
reluctance to determine a position of the output arm 48
relative to the ground arm 46. The position sensing system
60 includes a magnet 66 used to generate a magnetic field.
The magnet 66 1s disposed at a magnet holder 68 and fixed
to the ground arm 46. A sensor plug 70, used to control the
magnetic field generated by the magnet 66 1s positioned in
a sensor opening 72 extending through the ground arm 46
toward the output arm 48. Between the sensor plug 70 and
the magnet 66 1s a hall eflect sensor 74 to sense variations
in the magnetic field and varies 1ts output voltage depending
on these variations. Sensor leads 76 extend from the position
sensor 62 to output the hall effect sensor 74 voltage to the
controller.

The sensed portion 64 1s located at the output arm 48, and
in some embodiments comprises geometric variation in a
surface 62 of the output arm 48. As shown in FIG. 3 and
FIG. 4, the sensed portion 64 may comprise a groove 78 1n
the output arm 48. The groove 78 1s centered on a sensor axis
80 and as shown 1n FIG. 4, 1s progressively wider and/or
deeper as groove 78 extends circumierentially around the
axis of rotation 16. The variation 1n groove 78 width and/or
depth 1s that, as the output arm 48 is rotated about the axis
of rotation 16 relative to the ground arm 46, a different
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reluctance in the magnetic field will be sensed by the
relatively fixed position sensing system 60 fixed at the
ground arm 46. Thus, magnetic reluctance becomes a func-
tion of angular position of the ground arm 46.

In an alternative embodiment, as shown in FIG. 5, the
geometric variation may be a pattern ol circular holes 82,
which increase 1n diameter and/or depth as the pattern
extends circumierentially about the axis of rotation 16.
Further, in some embodiments, the pattern of circular holes
82 may vary 1n spacing in addition to, or as an alternative to,
varying in diameter and/or depth.

Further, referring again to FIG. 2, the position sensing,
system 60 may include two position sensing system 60 and
two sensed portions 64, located at opposite faces of the
output arm 48. The geometric variations at the opposing
faces of the output arm 48 may be substantially opposing.
For example, referring again to FI1G. 4, where the groove 78
1s at 1its widest and/or deepest at a first face of the output arm
48, the opposing groove 78 at an opposing second face of the
output arm 48 1s at 1ts narrowest and/or shallowest. The same
duplication may be done with the embodiment of FIG. 5.

The use of a reluctance-based position sensing system 60
for the actuator 30 allows the position sensing system 60 to
be smaller and less costly than a typical actuator position
sensor, and will further enable angular position sensing upon
powering up, without needing slight movement of the output
arm to ascertain position.

While the present disclosure has been described 1n detail
in connection with only a limited number of embodiments,
it should be readily understood that the present disclosure 1s
not limited to such disclosed embodiments. Rather, the
present disclosure can be modified to incorporate any num-
ber of vanations, alterations, substitutions or equivalent
arrangements not heretofore described, but which are com-
mensurate 1n spirit and/or scope. Additionally, while various
embodiments have been described, it 1s to be understood that
aspects of the present disclosure may include only some of
the described embodiments. Accordingly, the present dis-
closure 1s not to be seen as limited by the foregoing
description, but 1s only limited by the scope of the appended
claims.

What 1s claimed 1s:

1. An electromechanical actuator, comprising;:

a ground arm;

an output arm rotatable about an axis of rotation relative

to the ground arm; and

a position sensing arrangement to determine an angular

position of the output arm relative to the ground arm,

the position sensing arrangement including:

a position sensor fixed at the ground arm, the position
sensor configured to sense magnetic reluctance; and

a sensed portion disposed at the output arm proximate
to the position sensor, the sensed portion comprising
a geometric variation 1n an output arm surface con-
figured to vary a magnetic reluctance sensed at the
position sensor as a function of angular position of
the output arm relative to the ground arm;

wherein the geometric variation 1s a groove disposed at
the output arm extending circumierentially about the
axis of rotation, the groove progressively widening
and or deepening along its length.

2. The electromechanical actuator of claim 1, wherein the
groove 1s radially centered on the position sensor.

3. The electromechanical actuator of claim 1, wherein the
position sensor includes:

a magnet fixed at the ground arm to generate a magnetic

field; and
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a hall effect sensor to detect variation 1n the magnetic field
as the output arm 1s rotated about the axis of rotation
relative to the ground arm.

4. The electromechanical actuator of claim 3, wherein the
hall effect sensor 1s disposed between the magnet and the
output arm.

5. The electromechanical actuator of claim 3, wherein an
output voltage of the hall eflect sensor 1s indicative of the
angular position of the output arm relative to the ground
arm.

6. A relative position sensing system for two components,
comprising;

a position sensor fixed at a first component, the position

sensor configured to sense magnetic reluctance; and

a sensed portion disposed at a second component proxi-
mate to the position sensor, the sensed portion com-
prising a geometric variation 1 a second component
surface configured to vary a magnetic reluctance sensed
at the position sensor as a function of angular position
of the second component relative to the first compo-
nent;

wherein the geometric variation 1s a groove disposed at
the second component extending circumiferentially
about the axis of rotation, the groove progressively
widenming and or deepening along 1ts length.

7. The position sensing system of claim 6, wherein the

groove 1s radially centered on the position sensor.

8. The position sensing system of claim 6, wherein the
position sensor includes:

a magnet fixed at the first component to generate a

magnetic field; and

a hall eflect sensor to detect variation 1n the magnetic field
as the second component 1s rotated about the axis of
rotation relative to the first component.

9. The position sensing system of claim 8, wherein the
hall effect sensor 1s disposed between the magnet and the
second component.

10. The position sensing system of claim 8, wherein an
output voltage of the hall eflect sensor 1s indicative of the
angular position of the second component relative to the first
component.

11. A wing for an aircraft, comprising;

a fixed portion of the wing;

a control surface portion of the wing, the control surface

portion movable relative to the fixed portion;

an electromechanical actuator to drive movement of the
control surface portion relative to the fixed portion, the
clectromechanical actuator including:

a ground arm secured to the fixed portion;

an output arm secured to the control surface portion and
rotatable about an axis of rotation relative to the
ground arm; and

a position sensing arrangement to determine an angular
position of the output arm relative to the ground arm,
the position sensing arrangement including:

a position sensor fixed at the ground arm, the posi-
tion sensor configured to sense magnetic reluc-
tance; and

a sensed portion disposed at the output arm proxi-
mate to the position sensor, the sensed portion
comprising a geometric variation in an output arm
surface configured to vary a magnetic reluctance
sensed at the position sensor as a function of
angular position of the output arm relative to the
ground arm;

wherein the geometric variation 1s a groove disposed
at the output arm extending circumierentially
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about the axis of rotation, the groove progres-

sively widening and or deepening along 1ts length.

12. The wing of claim 11, wherein the position sensor
includes:

a magnet fixed at the ground arm to generate a magnetic 53

field; and

a hall effect sensor to detect variation in the magnetic field
as the output arm 1s rotated about the axis of rotation
relative to the ground arm.

13. The wing of claim 12, wherein an output voltage of 10

the hall effect sensor 1s indicative of the angular position of
the output arm.
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